Kern and co-workers' were the first to examine the molecular mechanism of immunoglobulin synthesis and concluded that this process is similar to the synthesis of other proteins. Recently, lymphoid tissues have been studied by more refined electron microscopic2' I and biochemical techniques4-in an effort to examine details of the mechanism of synthesis of antibody. The data presented in many of these studies are difficult to reconcile with present models of polypeptide synthesis on polysomes. The current hypothesis is that the size of a fully functional polysome should be compatible with the size of the product of synthesis.7 Thus for L and H chains one would expect polysomes in the range of 7 and 15 ribosomes, respectively. The examination of polysomal units of immunoglobulin synthesis isolated from lymph node and spleen homogenates has been complicated by the presence of highactivity ribonucleases (RNases). These tissues seem to lack the RNase inhibitors present in liver cells.8 The contradictory results of experiments in this field might be due to endogenous RNases. On the other hand, synthesis of an antibody molecule might proceed differently from the model proposed for other polypeptides. The work reported here is the result of efforts to develop a system in which biochemical and morphological studies could be made of polysomes of lymphoid tissue cells during response to antigen injection. The first objective was to devise a means to reduce the degradative action of endonucleases on the preparations being studied. The initial effort to develop such a system was partially successful.9 The experiments presented here indicate success in devising a method to block RNase action completely in homogenates of spleen and lymph nodes. Interpretation of the results of these experiments suggests that some discrepancies may exist between accepted models of protein synthesis and the types of polysomes involved in the assembly of L and H chains of antibody globulins.
of the mechanism of synthesis of antibody. The data presented in many of these studies are difficult to reconcile with present models of polypeptide synthesis on polysomes. The current hypothesis is that the size of a fully functional polysome should be compatible with the size of the product of synthesis.7 Thus for L and H chains one would expect polysomes in the range of 7 and 15 ribosomes, respectively. The examination of polysomal units of immunoglobulin synthesis isolated from lymph node and spleen homogenates has been complicated by the presence of highactivity ribonucleases (RNases). These tissues seem to lack the RNase inhibitors present in liver cells. 8 The contradictory results of experiments in this field might be due to endogenous RNases. On the other hand, synthesis of an antibody molecule might proceed differently from the model proposed for other polypeptides. The work reported here is the result of efforts to develop a system in which biochemical and morphological studies could be made of polysomes of lymphoid tissue cells during response to antigen injection. The first objective was to devise a means to reduce the degradative action of endonucleases on the preparations being studied. The initial effort to develop such a system was partially successful. 9 The experiments presented here indicate success in devising a method to block RNase action completely in homogenates of spleen and lymph nodes. Interpretation of the results of these experiments suggests that some discrepancies may exist between accepted models of protein synthesis and the types of polysomes involved in the assembly of L and H chains of antibody globulins.
Materials and Methods.-Animals and immunization: Sprague-Dawley male albino rats weighing between 150 and 300 gm were used in all experiments. They were immunized in two ways: primary immunization consisted of an intravenous injection of 1.0 ml of Salmonella typhi formalinkilled vaccine;10 hyperimmunized animals were given three intravenous injections of 1.0 ml of the vaccine on 3 consecutive days and 30 days later received a fourth intravenous injection to serve as a booster. No differences were noted in the results of experiments using rats given either immunizing treatment, and therefore no distinction will be made between hyperimmunized and nonhyperimmunized animals.
Isotopes: Reconstituted, C14-labeled Chlorella hydrolysate prepared by Schwarz BioResearch was used in all experiments.
Cell preparation, incubation, and centrifugation: Rats were killed by exsanguination under ether anesthesia; the spleen was rapidly removed, placed in ice-cold buffered special saline (BSS, 0.03 M tris, 0.14 M NaCl, 0.005 M KCl, 0.0015 M MgC92), and finely minced. Splenic fragments were then forced gently through an 80-mesh stainless-steel screen by means of a syringe plunger, with frequent BSS washings. Collected cells were washed twice by centrifugation at 250 X g in cold BSS with ethylenediaminetetraacetate (EDTA) and then in cold BSS without EDTA. The cell suspension from one spleen was then incubated in a Dounce homogenizer vessel in 2.0 ml of Eagle's minimal medium with 1/1o the normal concentration of amino acids. Incubation was continued for 15 min at 370C and 20 ise of C14-labeled Chlorellk hydrolysate were added. Incubation was continued for 2-3 min and 10 ml of ice-cold BSS were added to stop the reaction. Cells were washed twice with cold BSS by centrifugation at 250 X g. One milligram of splenic ribonucleic acid (see below under ribonuclease assay and inhibition), 0.04 ml of bentonite (8000 X g particles), globulin was precipitated with 50% saturated ammonium sulfate and redissolved in saline. A 1.0-ml aliquot of vaccine was added and the sample was incubated at room temperature for 1 hr and at 370C for 10-20 hr. The bacteria were then plated on aluminum planchets which were counted as described above. Radioactivity bound to bacteria indicates newly synthesized antibody. Material from control rats treated similarly did not yield antigen-binding radioactivity. Ribonuclease assay and inhibition: Since ribonuclease, liberated from damaged or broken lysosomes, might be responsible for polysome breakdown, precautions were taken to protect polysomes and assay of the enzyme was done randomly. Assay for ribonuclease activity was done by using rat liver C ribosomes prepared as described by Wettstein et al.'2 To 0.5-ml aliquots of C ribosomes one of the following was added: 0.1 ml of supernatant to be assayed or 0.1 ml BSS containing ,ug/ml pancreatic crystalline ribonuclease (Worthington). The aliquots were incubated for 10 min at 0C and were centrifuged in a sucrose density gradient under the conditions outlined above. A sample of untreated C ribosomes was also centrifuged. Optical density at 260 m1A was then measured (see above).
Ribonucleic acid added to cells before homogenization was prepared from normal rat spleen by blending this organ in phenol saturated with Tris buffer, pH 5, at room temperature. The homogenate was heated at 650C until it reached a temperature of 630C. It was then frozen in dry iceacetone bath, thawed rapidly, and centrifuged at 1100 X g for 10 min. The aqueous phase was removed and the interphase was re-extracted at room temperature. The two aqueous extracts were combined and RNA was precipitated by addition of absolute ethanol 2: 1 (v/v). The Results.-The results of a typical experiment are illustrated in Figure 1 . For reasons which are still unexplained, the RNA added to each sample to protect it from ribonuclease action masked the optical density profile obtained in scanning the gradients so that no distinct peaks of optical density could be observed. Therefore only the results of radioactivity determinations are shown. Radioactivity incorporated by spleen cells from nonimmunized rats into nascent polypeptide chains is indicated by the dotted line. illustrated in Figure 2 was carried out as the previous one (see Fig. 1 ). However, a rat injected four days before sacrifice was used. While more fractions were collected, the pattern observed with animals sacrificed three days after antigenic stimulation (see Fig. 1 Because of the problems inherent in the presence of large amounts of ribonuclease in spleen preparations, random ribonuclease assays were done (see Materials and Methods). The results of these assays always revealed no depolymerization of rat liver polysomes after treatment with spleen supernatant, while some depolymerization was always present after treatment with 10-s Ag crystalline pancreatic RNase. Thus it can be concluded that the addition of spleen RNA during the disruption of cells effectively blocks ribonuclease action. While the reasons for this phenomenon are not apparent, it is possible that the inhibition observed may be due to an excess of substrate in proportion to the amount of enzyme present. The polysomes illustrated in Figure 3 were obtained from fractions in the 190S and 320S areas, re- spectively. It appears that the 190S polysomes are primarily trimers and tetramers and those in the 320S areas are primarily octamers to decamers. This agrees well with sedimentation coefficients for these two fractions. In this figure, strands of RNase-sensitive material (compatible with the appearance of mRNA) are visible in relation to some of the polysomes. In addition the polysomes show some irregularity with occasional spaces where the RNA strand is exposed. It was expected that the strand would be occupied by a continual series of closely arranged ribosomes. Possible reasons for this latter phenomenon will be discussed below. Titration of sera from animals used in these experiments revealed that titers observed after primary immunization were 80 per cent 2 ME-sensitive and that those after secondary stimulation were completely 2 ME-resistant.
Discussion.-The results reported above indicate that in normal rat spleen cells there are polysomes that are making protein in small amounts.
The study of the subcellular events which accompany protein synthesis has shown that amino acids are assembled in polypeptide chains on ribosomes. The ribosomes are arranged on a molecule of messenger RNA (mRNA) which carries the information that dictates the sequence of amino acids in the protein. Present evidence indicates that sequences of three nucleotides code for an amino acid.'3 The maximum number of ribosomes which could be located on a strand of mRNA at one time would be limited by the length of the RNA molecule.7" 4 It has been shown that in the case of hemoglobin synthesis the maximum number of ribosomes found on the mRNA is five.7 This unit of protein synthesis comprised of mRNA and ribosomes has been referred to by the terms of polyribosome, polysome, and ergosome.7, 12 When proteins are being synthesized at maximum rates, it is expected that the mRNA molecule would be completely saturated with ribosomes. Lamfrom and Knopf" have shown that mRNA molecules with single ribosomes will synthesize protein. From It is evident that trimers and pentamers are preponderant in the 190S fraction, while octomers to decamers are abundant in the 320S polysomes. The irregular spacing described in the text is evident in some of the polysomes. Magnification X43,000.
The synthesis of hemoglobin has been reported to occur as separate a and 3 chains, synthesized on separate polysomes and assembled in the final hemoglobin molecule after detachment from the polysome.'6 Recently a similar mechanism has been described for mouse myeloma globulin L and H chains.'7 In order to synthesize protein molecules of the molecular weights of L and H chains, one would expect the polysomes to be made up of approximately seven and 15 ribosomes, respectively. Using the values found by Pfuderer et al.,'8 the sedimentation coefficient for sevenmember polysomes is 257S 4 6S. While figures for polysomes larger than 12 n were not obtained, the S value given for this polysome is 353. The polysomal peak observed in these experiments range from 190-200S to 320-360S, respectively. This would indicate the larger polysomes to have 10-12 ribosomes and the smaller ones to consist of four ribosomes. It is apparent that the products of neither of these polyribosomes are large enough to account for the completely formed L and H chains, although the size of the larger polysomes may be sufficiently close to that expected for a polypeptide of 55,000 molecular weight.
Recently published experiments have demonstrated the presence of L chain subunits of approximately 10,000 molecular weight in the urine of multiple myeloma patients. '9 On the other hand, structural studies of Bence-Jones proteins in humans have shown that each of these proteins consist of 212 amino acids arranged so that residues 1 to 106 are unique, while residues 107 to 212 are always arranged in similar order with the exception of one amino acid in position 189 responsible for Inv characters.20-22 These observations in human material have been confirmed and extended in mice with multiple myeloma where it has been shown that differences similar to those observed in L chains also exist in H chains. An understanding of the assemblage of these complex molecules may aid in the interpretation of genetic mechanisms for the control of immunoglobulin synthesis. One possible interpretation is that the invariable piece of a large number of L chains may be coded for by one gene only, and the variable piece by a large number of genes each responsible for one sequence.23 While this concept awaits further confirmation, the results of the studies reported here appear compatible with it. In the system described, the synthesis of L and H chains is carried out in addition to that of other proteins. Nascent proteins are associated with polysome classes around 200S, 260S, and 320-360S. The S values observed are not compatible with polysomes synthesizing proteins of the size expected but seem to favor the possibility that L and H chains are synthesized as subunits on different polysomes.
The morphologic appearance of polysomes in this study agrees with that observed by others. However, while the majority of polysomes appear uniform when viewed with the electron microscope, some irregular spacing of the ribosomes is occasionally present. This could be explained by one of several factors: degradation of some ribosomes by RNase, artifactual assembly of polysomes because of deficiencies in the incubation system, a defect in the chain initiation mechanism leading to irregular entry of ribosomes on the mRNA chain, or a decreased availability of ribosomes during very active synthesis. Unpublished studies of the RNase sensitivity of these polysomes have shown that the first possibility is extremely unlikely unless one invokes special conditions. In fact while the mRNA is easily degraded by treatment with RNase at 0-40C for ten minutes, this treatment has to be prolonged for 30 minutes at 37°C before ribosomal morphology is lost.
More experimentation will be necessary, however, before a conclusion can be reached.
Summary. Spleen cells of rats immunized three or four days prior to sacrifice contain polysomes compatible with the synthesis of pieces of H and L chains. Gamma globulin and specific antibody are the primary proteins synthesized in this system. The synthesis of other proteins for cell renewal cannot be excluded. 
